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RESONATOR AND HIGH-FREQUENCY FILTER 



BACKGROUND OF THE INVENTION 

The present invention relates to a resonator constitut- 
ing a radio frequency filter and the like, used for a radio 
frequency circuit device of a mobile communication system and 
the like. 

Conventionally, a radio frequency communication system 
indispensably requires a radio frequency circuit element ba- 
sically constructed of a resonator, such as a radio frequency 
filter- As a resonator for a low-loss radio frequency fil- 
ter, often used is a dielectric resonator including a dielec- 
tric secured in a conductor shield. 

FIGS. 19A and 19B are a perspective view and a cross- 
sectional view, respectively, of a conventional dielectric 
resonator 503 often used for a low-loss dielectric filter, 
which operates in a TEoi<y mode as the base mode. The dielec- 
tric resonator 503 includes a cylindrical dielectric 501 and 
a cylindrical case 502 surrounding the dielectric 501 with a 
space therebetween. The dielectric 501 is mounted on a sup- 
port and connected to the bottom portion of the case 502 via 
the support. The ceiling of the case 502 is apart from the 
top surface of the dielectric 501 by a given distance, and 
the sidewall (cylindrical portion) of the case 502 is apart 
from the cylindrical face of the dielectric 501 by a given 



distance . 

Note that the case 502 is actually constructed of a case 
body and a lid as shown in FIG. 20 although it is shown in a 
simplified form in FIGS. 19A and 19B. 

The above resonator using a TE mode (hereinafter, re- 
ferred to as a "TE-mode resonator") is superior to resonators 
using other modes in that it is small in loss and exhibits a 
good Q value, but has a disadvantage of being large in vol- 
ume. Therefore, when a small resonator is desired, a resona- 
tor using a mode other than the TE mode as the base mode is 
used in some cases at the expense of the Q value characteris- 
tic to some extent. 

FIG. 20 is a cross-sectional view of a radio frequency 
filter 530 having a resonator using a TM mode (hereinafter, 
referred to as a "TM-mode resonator") that is considered a 
promising candidate for downsizing implementation. The 
resonator shown in FIG. 20 uses a TM mode called a TM 0 i 0 mode 
among the other TM modes. 

Referring to FIG. 20, the radio frequency filter 530 in- 
cludes a cylindrical dielectric 540 and a case 531 composed 
of a case body 532 for housing the dielectric 540 and a lid 
533. The case body 532 and the lid 533 are tightened to- 
gether with bolts 535 so that the bottom surface of the lid 
533 is in contact with the top face of the sidewall of the 
case body 532. The bottom surface of the lid 533 and the top 



surface of the bottom portion of the case body 532 are in 
contact with the top and bottom surfaces of the dielectric 
540, respectively. In other words, the dielectric 540 is 
sandwiched between the lid 533 and the case body 532. The 
sidewall (cylindrical portion) of the case body 532 concen- 
trically surrounds the dielectric 540 with a space therebe- 
tween. An input coupling probe 536 for input coupling with 
the dielectric 540 and an output coupling probe 537 for out- 
put coupling with the dielectric 540 are formed at the bottom 
portion of the case body 532. 

However, it was found that the TM 0 io mode resonator shown 
in FIG. 20 failed to provide expected filter characteristics 
when it was actually prototyped. The present inventors con- 
sider the reason for this failure is as follows. 

In the TE mode (TK 01(S mode) resonator shown in FIGS. 19A 
and 19B, most of electromagnetic energy is confined within 
the dielectric, and only a small amount of radio frequency 
current flows to the side portion of the case 502. However, 
in the TM mode resonator shown in FIG. 20, a radio frequency 
induced current flows in the side portion of the case body 
532 in a direction parallel to the axial direction. There- 
fore, conductor loss comparatively largely influences the TM 
mode resonator. In particular, a large current flows across 
the corner at which the sidewall of the case body 532 and the 
lid 533 meet forming a connection Rcnct . If contact failure 



occurs at the connection Rcnct during the actual assembly of 
the resonator 530, this will presumably cause large deterio- 
ration in Q value and instability of operation. In addition, 
it has been found that if a gap exists between the top or 
bottom surface of the dielectric 540 and the lid 533 or the 
case body 532 due to size errors of components during the 
manufacture and the like, the resonant frequency sharply in- 
creases, and this possibly causes instability of operation. 
In particular, in the case of assembling a plurality of reso- 
nators to construct a filter, it is required to accurately 
fix the resonant frequency of the plurality of resonators. 
Therefore, in order to obtain desired filter characteristics 
while being free from instability of operation, considerably 
complicated work is presumably required. 

In construction of a radio frequency filter using either 
type of resonator, the TE mode resonator or the TM mode reso- 
nator, the following three functions are important: that is, 

(1) securing intense input/output coupling having a de- 
sired fractional bandwidth; 

(2) having a resonant frequency adjusting mechanism that 
can reduce deterioration in the Q value of the resonator and 
also easily secure a wide frequency adjustable range; and 

(3) having an inter-stage coupling degree adjusting 
mechanism that can easily secure a wide coupling degree ad- 
justable range in the case of constructing a multi-stage ra- 



dio frequency filter having a plurality of resonators. 

It is desired to implement a radio frequency filter having 

these functions. 

SUMMARY OF THE INVENTION 

A first object of the present invention is providing a 
dielectric resonator and a radio frequency filter that are 
small in size, have a simple structure, and operate stably. 

A second object of the present invention is providing a 
radio frequency filter having the functions (1) to (3) de- 
scribed above. 

The first resonator of the present invention includes: a 
columnar dielectric; and a shielding conductor surrounding 
the dielectric, the resonator using a resonant mode causing 
generation of a current crossing a corner of the columnar di- 
electric, wherein the shielding conductor is formed in direct 
contact with the surface of the dielectric. 

With the above construction, the corner of the resonator 
is constructed of the continuous shielding conductor. There- 
fore, even in the resonator using a TM mode in which a radio 
frequency induced current flows over the side face of the 
column parallel to the axial direction of the column and the 
end face thereof orthogonal to the axial direction, good 
conduction is secured, and stability against vibration and 
the like is secured. Thus, deterioration in Q value and 
instability of operation are suppressed, and the character- 



bility of operation are suppressed, and the characteristics 
of the TM mode resonators of being able to be downsized and 
having a good Q value can be provided. 

The dielectric may include a center portion and an outer 
portion covering at least part of the center portion, and the 
dielectric constant of the center portion is higher than the 
dielectric constant of the outer portion. This reduces con- 
ductor loss particularly at the cylindrical portion, and thus 
improves the unloaded Q value. 

The columnar dielectric may be in a shape of a cylinder 
or a square pole. This facilitates the manufacture. 

The shielding conductor may be a metallized layer formed 
on the surface of the dielectric. This provides high adhesion 
to the dielectric, and thus the effect is significant. 

The second resonator of the present invention includes : a 
dielectric; and a case for housing the dielectric, wherein 
part of the case is constructed of conductive foil, and the 
conductive foil partly shields the dielectric electromagneti- 
cally . 

With the above construction, the conductive foil is 
formed at a position such as a seam of the case in which 
electromagnetic shielding is unstable, to secure the electro- 
magnetic shielding function. This stabilizes the operation 
characteristics of the resonator. 

Preferably, the case includes a first portion and a sec- 



ond portion, the conductive foil is interposed between the 
first portion and the second portion, and the dielectric is 
electromagnetically shielded by the first portion and the 
conductive foil. With the conductive foil interposed at the 
5 connection between the first and second portions, vibration 
can be absorbed by the conductive foil if generated between 
the first and second portions, thereby suppressing deteriora- 
tion in connection between the first and second portions. 
This suppresses deterioration in Q value and improves the 
j|j 10 stability of operation. 

Preferably, the case includes a first portion and a sec- 
y ond portion, the conductive foil is interposed between the 

dielectric and the second portion of the case, and the di- 
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pi electric is sandwiched between the first portion and the sec- 

M> 

4* 15 ond portion of the case. This nicely sustains the contact 

M 

N- between the dielectric and the conductive foil, and thus sup- 
presses occurrence of problems such as sharp increase in 
resonant frequency. 

The resonator may further include an elastic layer in- 
20 terposed between the conductive foil and the second portion. 
This provides the effect of absorbing vibration more signifi- 
cantly . 

The resonant mode of the resonator may include a TM 
mode. This nicely secures the conduction between the first 
25 portion and the conductive foil. 
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The third resonator of the present invention includes: a 
dielectric having a hole; a case surrounding the dielectric; 
and a conductor rod inserted into the hole of the dielectric, 
the insertion depth of the conductor rod being variable, 
wherein a resonant frequency is adjusted with the insertion 
depth of the conductor rod into the hole. 

With the above construction, the resonant frequency can 
be easily adjusted over a wide range without deteriorating 
the unloaded Q value in a practical level. 

The first radio frequency filter of the present inven- 
tion includes: a dielectric; a conductor member for electro- 
magnetically shielding the dielectric; a conductor probe 
extending from a portion of the conductor member through a 
space defined by the conductor member to reach another por- 
tion of the conductor member, for coupling the dielectric 
with an external input signal or an external output signal. 

With the above construction, intense input /output cou- 
pling is obtained between the dielectric and an external sig- 
nal even when the radio frequency filter is downsized. This 
makes it possible to provide a small filter having a good Q 
value. 

The second radio frequency filter of the present inven- 
tion is a radio frequency filter having a columnar resonator 
using a resonant mode causing generation of a current cross- 
ing a corner, the resonator including: a dielectric; and a 
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shielding conductor surrounding the dielectric formed in di- 
rect contact with the surface of the dielectric. 

With the above construction, the corner of the resonator 
is constructed of the continuous shielding conductor. There- 
fore, even in the resonator using a TM mode in which a radio 
frequency induced current flows over the side face of the 
column parallel to the axial direction of the column and the 
end face thereof orthogonal to the axial direction, good 
conduction is secured, and stability against vibration and 
the like is secured. Thus, it is possible to provide a radio 
frequency filter that can suppress deterioration in Q value 
and instability of operation, and uses the characteristics of 
the TM mode resonators of being able to be downsized and hav- 
ing a good Q value. 

The third radio frequency filter of the present inven- 
tion is a radio frequency filter having a resonator, the 
resonator including: a dielectric; and a case for housing the 
dielectric, wherein part of the case is constructed of con- 
ductive foil and the conductive foil partly shields the di- 
electric electromagnet ically. 

With the above construction, the conductive foil is 
formed at a position such as a seam of the case in which 
electromagnetic shielding is unstable, to secure the electro- 
magnetic shielding function. Thus, a radio frequency filter 
having a resonator with stable operation characteristics can 



be provided. 

The fourth radio frequency filter of the present inven- 
tion is a radio frequency filter having a resonator, the 
resonator including: a dielectric having a hole; a case sur- 
rounding the dielectric; and a conductor rod inserted into 
the hole of the dielectric, the insertion depth of the con- 
ductor rod being variable, wherein a resonant frequency is 
adjusted with the insertion depth of the conductor rod into 
the hole. 

With the above construction, it is possible to provide a 
radio frequency filter having a resonator of which the reso- 
nant frequency can be easily adjusted over a wide range with- 
out deteriorating the unloaded Q value in a practical level. 

The fifth radio frequency filter of the present inven- 
tion is a radio frequency filter having a plurality of reso- 
nators at least including an input-stage resonator having a 
dielectric and receiving a radio frequency signal from an ex- 
ternal device and an output-stage resonator having a dielec- 
tric and outputting a radio frequency signal to an external 
device. The radio frequency filter includes: a case sur- 
rounding the plurality of resonators for electromagnetically 
shielding the respective resonators; a partition formed be- 
tween resonators of which electromagnetic fields are coupled 
with each other among the plurality of resonators; an inter- 
stage coupling window formed at the partition; and an inter- 
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stage coupling degree adjusting member made of a conductor 
rod for adjusting the area of the inter-stage coupling win- 
dow. 

Thus, in the construction of a multi-stage radio fre- 
quency filter having a plurality of resonators, it is possi- 
ble to provide an inter-stage coupling degree adjusting 
mechanism that is simple and has a wide coupling degree ad- 
justable range, between adjacent ones of the plurality of 
resonators . 
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fU BRIEF DESCRIPTION OF THE DRAWINGS 

w 

Ul FIGS. 1A and IB are a perspective view and a cross- 

£3 sectional view, respectively, of a resonator of EMBODIMENT 1 

'^t of the present invention. 

Hp 

15 FIG. 2 is a view showing the results of simulation of 

the correlation between the diameter D and the resonant fre- 
quency f of the resonator. 

FIG. 3 is a view showing the results of simulation of 
the correlation between the axial length L and the resonant 
20 frequency f of the resonator with the diameter D being fixed. 

FIG. 4 is a view showing the results of calculation of 
the unloaded Q value with respect to the length L of the 
resonator with the diameter D being fixed. 

FIG. 5 is a cross-sectional view of a resonator of EM- 
25 BOD I ME NT 2 of the present invention. 
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FIG. 6 is a cross-sectional view of a resonator of a 
modification of EMBODIMENT 2 of the present invention. 

FIG. 7 is a cross-sectional view of a radio frequency 
filter using a TM mode resonator of EMBODIMENT 3 of the pre- 
5 sent invention. 

FIG. 8 is a cross-sectional view of a radio frequency 
filter using a TM mode resonator of EMBODIMENT 4 of the pre- 
sent invention. 

p FIG. 9 is a cross-sectional view of a radio frequency 

jg 10 filter using a TM mode resonator of EMBODIMENT 5 of the pre- 

m 

jj, sent invention. 

yj FIG. 10 is a characteristic view showing the results of 

a measurement of the change in resonant frequency in the TM 0 io 

□ 

£H mode with respect to the insertion depth of a conductor rod. 

Li. 
r~ 

°^ is FIG. 11 is a characteristic view showing the results of 

Q 

■ " measurement of the unloaded Q value in the TM 0 io mode with re- 

spect to the insertion depth of a conductor rod. 

FIG. 12A is a cross-sectional view of a radio frequency 
filter using TM mode resonators of EMBODIMENT 6 of the pre- 
20 sent invention, and FIG. 12B is a plan view of the radio fre- 
quency filter from which a lid and the like have been 
removed . 

FIG. 13 is a view showing the results of simulation of 
the change in coupling coefficient with respect to the window 
25 width for inter-stage coupling windows . 
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FIGS. 14A through 14C are cross-sectional views illus- 
trating variations of the shape of the inter-stage coupling 
window and the position at which an inter-stage coupling de- 
gree adjusting bolt is mounted, which are adoptable in EM- 
5 BODIMENT 5 of the present invention. 

FIG. 15 is a view showing the results of simulation of 
the change in coupling coefficient with respect to the amount 
of insertion of the inter-stage coupling degree adjusting 
p bolt into the inter-stage coupling window. 

f¥j 10 FIG. 16 is a characteristic view of a radio frequency 

M filter including resonators at four stages designed. 

ru 

FIG. 17 is a cross-sectional view of a radio frequency 
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l_ filter using a TM mode resonator of EMBODIMENT 7 of the pre- 

s 

H 5 sent invention. 

15 FIG. 18 is a cross-sectional view of a radio frequency 

filter using a TM mode resonator of EMBODIMENT 8 of the pre- 
sent invention . 

FIGS. 19A and 19B are a perspective view and a cross- 
sectional view, respectively, of a conventional dielectric 
20 resonator using a TE 0 i(? mode as the base mode. 

FIG. 20 is a cross-sectional view of a conventional ra- 
dio frequency filter using a TM mode resonator. 

FIG. 21 is a view showing the results of measurement of 
resonance characteristics of a TM 0l0 mode resonator of an ex- 
25 ample of EMBODIMENT 3. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven- 
tion will be described with reference to the accompanying 
drawings . 

EMBODIMENT 1 

FIGS. 1A and IB are a perspective view and a cross- 
sectional view, respectively, of a resonator 3 of EMBODIMENT 
1 of the present invention. Referring to FIGS. 1A and IB, 
the resonator 3 of this embodiment includes a cylindrical di- 
electric 1 made of a dielectric ceramic material or the like 
and a conductor film 2 covering substantially the entire sur- 
face of the dielectric 1 in close contact therewith. The 
resonator 3 uses the TM 0 i 0 mode described above as the reso- 
nant mode. The conductor film 2 is composed of a cylindrical 
portion Rcl covering the cylindrical face of the dielectric 1 
and two flat portions Rfl covering the top and bottom sur- 
faces of the dielectric 1. The conductor film 2 is formed by 
a process (so-called metallization) in which particulates of 
metal silver are attached to the entire surface of the di- 
electric 1 and then melted to thereby allow the metal silver 
and the dielectric 1 to be bonded together with a product of 
the reaction between the dielectric material and the silver. 
Thus, the feature of this embodiment is that the conductor 



film 2 covers the entire surface of the dielectric 1 in close 
contact therewith. 

It should be noted that a hole for mounting the dielec- 
tric 1 in a case and the like may be formed at part of the 
dielectric 1, or an inter-stage coupling window may be formed 
through the conductor film 2, as will be described in rela- 
tion to other embodiments to follow. In these cases, since 
no conductor film is formed at the portions where the hole 
and the window are formed, the conductor film 2 does not nec- 
essarily cover the entire surface of the dielectric 1- The 
present invention is also applicable to these cases. 

The shape of the dielectric according to the present in-, 
vention is not necessarily a circular cylinder, but may be 
another shape of cylinder such as an elliptic cylinder, or a 
pole having a polygonal cross section such as a square pole 
and a hexagonal pole. For example, a resonator using a 
square pole-shaped dielectric that has the same volume as the 
resonator using the cylindrical dielectric can exhibit sub- 
stantially the same characteristics. 

FIGS. 2 through 4 are views showing the correlations be- 
tween the resonant frequency in the TM 010 mode and the struc- 
ture of the resonator of this embodiment in various 
parameters. In all cases, the relative dielectric constant 
of the dielectric 1 is 42. FIG. 2 shows the results of simu- 
lation of the correlation between the diameter D (see FIG. 1) 



and the resonant frequency of the resonator 3. FIG. 3 shows 
the results of simulation of the correlation between the ax- 
ial length L (see FIG. 1) and the resonant frequency f of the 
resonator 3 obtained when the diameter D thereof is a fixed 
5 value (17 mm). FIG. 4 shows the results of calculation of 
the unloaded Q value with respect to the length L of the 
resonator 3 obtained when the diameter D thereof is 17 mm (f 
= 2 GHz) . 

ij As is found from FIG. 2, the resonant frequency f varies 

03 10 with the diameter D . That is f the resonant frequency f is 

M 

higher as the diameter D is smaller. As is found from FIG. 3, 
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the resonant frequency f is constant (2000 MHz) irrespective 
of the change of the length L under this condition (D = 17 
mm). As is found from FIG. 4, the unloaded Q value of the 

6 

1^ 15 resonator 3 varies with the axial length L of the resonator 3. 
That is, the unloaded Q value is smaller as the length L is 
smaller . 

In other words, in order to obtain a resonator with a 
higher frequency and a larger unloaded Q value, the resonator 
20 3 is preferably designed to give a small value to the diame- 
ter D and a comparatively large value to the length L . 

In this embodiment, the TM 0 io mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 0 io mode resonator and resonators 
25 in a resonant mode of a hybrid wave that has both an electric 
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field component and a magnetic field component in the direc- 
tion of the propagation of an electromagnetic wave. In these 
cases, also, substantially the same effects as those obtained 
in this embodiment can be obtained. 
5 In particular, among other TM modes, the TM 0 io mode, 

which is the lowest order resonant mode, enables formation of 
a downsized resonator and thus is practically advantageous. 
(Example) 

q The dielectric 1 having the structure shown in FIG. 1 

S 10 was produced using a dielectric ceramic material having a di- 
K electric constant of 42 and a dielectric loss tangent of 

ru 

W 0.00005. Silver paste was applied to the entire surface of 

the dielectric 1. The resultant dielectric was heated to a 

Q 

temperature equal to or more than the melting temperature of 
15 silver, to metallize the surface of the dielectric 1 and thus 
form the conductor film 2. The resonance characteristics of 
the thus-produced resonator 3 were evaluated by experiment. 
The size of the dielectric 1 was L = 18 mm and D = 17 mm, and 
the volume was about 4.1 cm 3 .. 
20 The evaluation was performed in the following manner. 

Holes (bottomed holes) were formed at portions of the flat 
surfaces Rfl of the conductor film 2 and portions of the di- 
electric 1 adjacent to the respective portions of the conduc- 
tor film 2. A core conductor constituting a coaxial line was 
25 inserted into each of the holes by a small length, to excite 
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the resonator with a signal supplied through the coaxial line 
to generate TM 0 io mode resonance. The upper and lower coaxial 
lines were connected to a network analyzer, and from the 
passing characteristics, the resonant frequency f and the 
unloaded Q value were measured. 

From the results of the above measurement, it was found 
that the resonant frequency f was 2.1 GHz and the unloaded Q 
value was about 1300. There was observed no fluctuation in 
resonant frequency due to vibration of the resonator and the 
like. 

When it is attempted to produce a TE 0 i a mode resonator 
having the same resonant frequency f as that of the resonator 
of this example using the same dielectric material as that of 
the resonator of this example, the volume of the resonator 
will be as large as about 72 cm 3 . The volume of the resona- 
tor of this example is about 4.08(7T/4) X 1.7 X 1.8 = 4.08 
(cm 3 ). This means that the TM 0 io mode resonator of this exam- 
ple can be reduced in volume to about 1/17 of the TE 0 i<5 mode 
resonator using the same dielectric material and having the 
same resonant frequency f. 

The TMqio mode resonator of this embodiment has the fol- 
lowing advantage over the conventional TM 0 io mode resonator 
shown in FIG. 20. 

As described above, the conventional TM 0 io mode resonator 
includes the case 531 surrounding the dielectric 540 as a 
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shielding conductor. A radio frequency induced current flows 
across the connection Rcnct (corner) between the case body 
532 and the lid 533, and therefore, the conducting state at 
the connection Rcnct greatly influences the filter character- 
5 istics of the resonator. However, since the connection Rcnct 
shown in FIG- 20 is obtained by tightening the case body 532 
and the lid 533 together with mounting bolts or by welding 
the case body 532 and the lid 533 together, it is difficult 
gp to secure good conduction of a radio frequency induced cur- 

m 

Cg io rent at the connection Rcnct. In addition, the conducting 

fU state at the connection Rcnct may be changed due to vibration 

W 

^ and the like after the formation of the case 531. As a re- 

s 

9 suit, in the conventional TM 0 io resonator, the filter 

Lff 
» t 

* L=? characteristics may possibly vary. 

2 15 On the contrary, in this embodiment, the conductor film 

s — 

2 is formed in close contact with the dielectric 1 by metal- 
lization or the like, to be used as the shielding conductor 
of the resonator 3. The conductor film 2, which is composed 
of the flat portions Rfl and the cylindrical portion Rcl ex- 

20 tending continuous to each other, is free from conduction 
failure at corners Rc as the boundaries between the cylindri- 
cal portion Rcl and the flat portions Rfl and exhibits stable 
operation against vibration and the like. Therefore, the 
resonator of this embodiment can suppress the problems of de- 

25 terioration in Q value and instability of operation, and can 
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secure the characteristics of the TM 0 io mode resonators of be- 
ing able to be downsized and having a large Q value. In ad- 
dition, the manufacturing process can be simplified. 

Thus, the TMoio mode resonator of this embodiment can 
5 provide advantages, over the conventional resonators, of sim- 
plifying the manufacturing process, improving the mechanical 
strength, securing the stability of operation against vibra- 
tion and the like, and being downsized, 
p The conductor film for covering the surface of the di- 

gj 10 electric can be formed, not only by metallization described 
hi- above, but also by other methods for forming the conductor 

UJ film in close contact with the surface of the dielectric, 

m 

a such as spraying of molten metal onto the surface of the di- 

9 

yl electric and pressing of a metal plate to the dielectric. 

sea 

^ EMBODIMENT 2 

Fig. 5 is a cross-sectional view of a resonator 13 of 
EMBODIMENT 2 of the present invention. The resonator 13 of 
this embodiment includes a dielectric 11 composed of a cylin- 

20 drical high dielectric constant portion 11a made of a dielec- 
tric ceramic material or the like and a cylindrical low 
dielectric constant portion lib surrounding substantially the 
entire surface of the high dielectric constant portion 11a. 
The resonator 13 further includes a conductor film 12 cover- 

25 ing substantially the entire surface of the dielectric 11 in 
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close contact therewith. The resonator 13 uses the TMoio mode 
described above as the resonant mode. The conductor film 12 
is composed of a cylindrical portion Rcl covering the cylin- 
drical face of the low dielectric constant portion lib and 
two flat portions Rfl covering the top and bottom surfaces of 
the low dielectric constant portion lib. 

In this embodiment, first, the dielectric 11 composed of 
the high dielectric constant portion 11a and the low dielec- 
tric constant portion lib surrounding the high dielectric 
constant portion 11a is formed. The dielectric 11 is then 
subjected to a process (so-called metallization) in which 
particulates of metal silver are attached to the entire sur- 
face of the low dielectric constant portion lib and then 
melted to form the conductor film 12. Thus, the feature of 
this embodiment is that the conductor film 12 covers the en- 
tire surface of the low dielectric constant portion lib of 
the dielectric 11 in close contact therewith. 

It should be noted that a hole for mounting the. dielec- 
tric 11 in a case and the like may be formed at part of the 
dielectric 11, or an inter-stage coupling window may be 
formed through the conductor film 2, as will be described in 
relation to other embodiments to follow. In these cases, 
since no conductor film is formed at the portions where the 
hole and the window are formed, the conductor film 12 does 
not necessarily cover the entire surface of the dielectric 11. 



The present invention is also applicable to these cases. 

The shape of the dielectric 11 (the combined shape of 
the high dielectric constant portion 11a and the low dielec- 
tric constant portion lib) according to the present invention 
is not necessarily a circular cylinder, but may be another 
cylinder such as an elliptic cylinder, or a pole having a po- 
lygonal cross section such as a square pole and a hexagonal 
pole. For example, a resonator using a square pole-shaped 
dielectric that has the same volume as the resonator using 
the cylindrical dielectric can exhibit substantially the same 
characteristics . 

In the resonator 13 of this embodiment, the flat por- 
tions Rfl and the cylindrical portion Rcl of the conductor 
film 12 constitute a continuous one film, and the conductor 
film 12 covers substantially the entire surface of the di- 
electric 11 (the lower dielectric constant portion lib). Ac- 
cordingly, substantially the same effects as those obtained 
in EMBODIMENT 1 can be obtained. 

In addition, the resonator of this embodiment is found 
superior to the resonator shown in FIG. 1 in that the conduc- 
tor loss at the cylindrical portion Rcl is especially reduced 
and thus the no-loss Q value is improved. 

In this embodiment, the TM 0 io mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 0 io mode resonator and resonators 



in the hybrid wave resonant mode. In these cases, also, sub- 
stantially the same effects as those obtained in this embodi- 
ment can be obtained. 
(Modification) 

5 FIG. 6 is a cross-sectional view of a resonator 23 of a 

modification of EMBODIMENT 2 of the present invention. The 
TMoio mode resonator 23 of this modification includes a di- 
electric 21 composed of a cylindrical high dielectric con- 
stant portion 21a made of a dielectric ceramic material or 

10 the like and a cylindrical low dielectric constant portion 
21b surrounding only the cylindrical face of the high dielec- 
tric constant portion 21a. In other words, the top and bot- 
tom surfaces of the high dielectric constant portion 21a are 
not covered with the low dielectric constant portion 21b. 

15 The resonator 23 further includes a conductor film 22 cover- 
ing substantially the entire surface of the dielectric 21 in 
close contact therewith. The conductor film 22 is composed 
of a cylindrical portion Rcl covering the cylindrical face of 
the low dielectric constant portion 21b of the dielectric 21 

20 and two flat portions Rfl covering the top and bottom sur- 
faces of the high dielectric constant portion 21a and the top 
and bottom faces of the low dielectric constant portion 21b. 

In this modification, first, the dielectric 21 composed 
of the high dielectric constant portion 21a and the low di- 

25 electric constant portion 21b surrounding the cylindrical 



face of the high dielectric constant portion 21a is formed. 
The dielectric 21 is then subjected to a process (so-called 
metallization) in which particulates of metal silver are at- 
tached to the exposed surfaces of the high dielectric con- 
stant portion 21a and the low dielectric constant portion 21b 
and then melted to thereby allow the metal silver and the di- 
electric 21 to be bonded together with a product of the reac- 
tion between the dielectric material and the silver, to form 
the conductor film 22. Thus, the feature of this modifica- 
tion is that the conductor film 22 covers substantially the 
entire surface of the dielectric 21 in close contact with the 
high dielectric constant portion 21a and the low dielectric 
constant portion 21b of the dielectric 21. 

It should be noted that a hole for mounting the dielec- 
tric 21 in a case and the like may be formed at both or ei- 
ther one of the top and bottom surfaces of the dielectric 21 
as will be described in relation to other embodiments to fol- 
low. In this case, the conductor film 12 does not necessar- 
ily cover the entire surface of the dielectric 21. The 
present invention is also applicable to these cases. 

The shape of the dielectric 21 (the combined shape of 
the high dielectric constant portion 21a and the low dielec- 
tric constant portion 21b) is not necessarily a circular cyl- 
inder, but may be another cylinder such as an elliptic 
cylinder, or a pole having a polygonal cross section such as 



a square pole and a hexagonal pole. For example, a resonator 
using a square pole-shaped dielectric that has the same vol- 
ume as the resonator using the cylindrical dielectric can ex- 
hibit substantially the same characteristics. 
5 In this modification , the conductor loss at the top and 

bottom plat portions Rfl slightly increases compared with the 
resonator shown in FIG. 5, but this modification provides an 
advantage that further downsizing of the resonator is possi- 
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^ FIG. 7 is a cross-sectional view of a radio frequency 

^ filter 30A using a TM mode resonator of EMBODIMENT 3 of the 

Si 

!\ present invention. Referring to FIG. 7, the radio frequency 

^ 15 filter 30A includes a cylindrical dielectric 40 and a case 31. 

*3Sf 

The case 31 includes a case body 32 for housing the dielec- 
tric 40 and a lid 33 as main components. A cushion layer 34 
and conductive foil 35 are formed on the bottom surface of 
the lid 33. The case body 32 and the lid 33 are mechanically 

20 connected with each other by being tightened with mounting 
bolts 36 with the cushion layer 34 and the conductive foil 35 
being sandwiched between the bottom surface of the lid 33 and 
the top face of the sidewall of the case body 32. The cush- 
ion layer 34 and the conductive foil 35 also exist between 

25 the bottom surface of the lid 33 and the top surface of the 
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dielectric 40. Thus, the top surface of the dielectric 40 is 
in contact with the conductive foil 35, while the bottom sur- 
face thereof is in contact with the top surface of the bottom 
portion of the case body 32. In other words, the dielectric 
5 40 is sandwiched between the lid 33 and the case body 32 with 
the interposition of the cushion layer 34 and the conductive 
foil 35. 

The sidewall (cylindrical portion) of the case body 32 
O concentrically surrounds the cylindrical face of the dielec- 

5? 10 trie 40 with a space therebetween. In this embodiment, 
^ therefore, the case body 32 and the conductive foil 35 pro- 

rj5 vides an electromagnetic shield for the dielectric 40. Thus, 

L the dielectric 40, the case body 32, the lid 33, the cushion 

01 

layer 34, and the conductive foil 34 constitute a resonator. 
Q 15 An input coupling probe 37 for input coupling with the 

dielectric 40 and an output coupling probe 38 for output cou- 
pling with the dielectric 40 are placed at the bottom portion 
of the case body 32. Also placed are an input coaxial con- 
nector 41 for transmitting an input signal to the input cou- 
20 pling probe 37 from an external device and an output coaxial 
connector 42 for transmitting an output signal from the out- 
put coupling probe 38 to an external device. Specifically, 
the coaxial connectors 41 and 42 are placed at small holes 
formed through the bottom portion of the case body 32, and 
25 the input and output coupling probes 37 and 38 are soldered 
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to the tips of the coaxial connectors 41 and 42. In this way, 
the resonator, the input coupling probe 37, and the output 
coupling probe 38 constitute a radio frequency filter using 
the resonator. 

In this embodiment, the cushion layer 34 is deformed at 
a connection Rcntl between the sidewall of the case body 32 
and the lid 33 by tightening the connection with the mounting 
bolts 36, to allow the sidewall of the case body 32 and the 
conductive foil 35 to come into close contact with each other. 
At the same time, the cushion layer 34 is also deformed at a 
connection Rcnt2 between the lid 33 and the dielectric 40, to 
allow the dielectric 40 and the conductive foil 35 to come 
into close contact with each other. In this way, the elec- 
tromagnetic shield for the dielectric 40 is reliably secured 
by the case body 32 and the conductive foil 35. 

In a TM mode resonator, a radio frequency induced cur- 
rent flows in the case body 32 and the conductive foil 35 so 
that a magnetic field is generated in a direction crossing 
the axis of the cylindrical dielectric. Therefore, a radio 
frequency induced current flows across the connection Rcntl 
between the case body 32 and the conductive foil 35. In this 
embodiment, since the conduction can be well secured between 
the case body 32 and the conductive foil 35 as described 
above, improvement in filter characteristics is possible. 

In the manufacture of the radio frequency filter of this 



embodiment, the cushion layer 34 and the conductive foil 35 
are bonded together in advance. The dielectric 40 is posi- 
tioned inside the case body 32. The laminate of the cushion 
layer 34 and the conductive foil 35 is placed on the case 
5 body 32 and the dielectric 40, and then the lid 33 is placed 
on the laminate and secured to the case body 32 with the 
mounting bolts 36. At least four mounting bolts 36 are pref- 
erably used, and in the assembly of the case 31 with the 
p mounting bolts 36, the mounting bolts are preferably fastened 

03 10 in sequence with each pair of bolts at the opposing positions 

m 

M* at one time. 

ry 

^ When the conductive foil is made of an elastic material, 

m 

the cushion layer is not necessarily required. 

fi 

f. In this embodiment, the TM 0 io mode resonator was de- 

p 15 scribed. The present invention is also applicable to TM mode 
resonators other than the TMoio mode resonator and resonators 
in the hybrid wave resonant mode. In these cases, also, sub- 
stantially the same effects as those obtained in this embodi- 
ment can be obtained. 
20 (Example) 

In this example, as the dielectric 40, used is a dielec- 
tric ceramic material having a diameter of 9 mm, an axial 
length of 10 mm, a dielectric constant of 42, and a dielec- 
tric loss tangent (tan 6) of 0.00005. As the case body 32, 
25 used is a bottomed cylinder made of oxygen-free copper having 
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an inner diameter of 25 mm and an inner height of 10 mm. As 
the conductive foil 35, copper foil having a thickness of 
0.05 mm is used. As the cushion sheet 34, used is a flexible 
polytetraf luoroethylene resin sheet (Product name: NITOFLON 
adhesive tapes No. 903 manufactured by Nitto Denko Corp.) 
having a thickness of 0.2 mm. A total of six mounting bolts 

36 are mounted on the cylindrical case body 32 at equal in- 
tervals of 60° as is viewed from above. The torque for fas- 
tening the mounting bolts 36 may be about 100 N.m to about 
200 N.m. The mounting bolts 36 may otherwise be fastened as 
far as the verge of rupture without use of a tool such as a 
torque wrench- The protrusion PI of the input coupling probe 

37 and the output coupling probe 38 from the bottom portion 
of the case body 32 is about 3 mm, for example. 

The thickness of the copper foil as the conductive foil 
35 is preferably in the range of about 0.02 mm to about 0.1 
mm. The thickness of the cushion layer 34 depends on the ma- 
terial. It is preferably in the range of about 0.05 mm to 
about 0.3 mm when the material is that used in this example. 

To verify the effect of the radio frequency filter of 
this embodiment, the resonance characteristics of the filter 
were experimentally evaluated. Specifically, a radio fre- 
quency signal was input to the input coupling probe 37 via 
the coaxial connector 41 to excite the TM 0 io mode resonance, 
and the passing characteristics were retrieved from the out- 
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put coupling probe 38 and measured with a network analyzer to 
obtain the resonant frequency and the unloaded Q value. 

FIG. 21 shows the measurement results of the resonance 
characteristics of the TM 0 io mode resonator in the example of 
5 EMBODIMENT 3. As is found from FIG. 21, in the radio fre- 
quency filter of this embodiment, the resonant frequency was 
2.00 GHz, which was roughly equal to the design value, and 
the unloaded Q value of about 3200 was obtained stably with 

€j good reproducibility. No variation in resonant frequency due 

£y 

io to mechanical vibration was observed. 
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The same evaluation was also performed for the conven- 
tional radio frequency filter shown in FIG. 20 for comparison, 
As the conventional filter, prepared was a radio frequency 
filter of which components had the same materials and sizes 
15 as those of the radio frequency filter of this example, ex- 
cept that the conductive foil 35 and the cushion layer 34 
were not provided. As a result of the evaluation, in the 
conventional radio frequency filter, the resonant frequency 
greatly fluctuated with the fastening state of the mounting 
bolts, such as the degree of fastening torque for the mount- 
ing bolts. Actually, the resonant frequency was in the range 
of about 2.2 GHz to about 2.6 GHz, which was higher than the 
design value, and exhibited a large variation- The unloaded 
Q value also greatly fluctuated in the range of about 800 to 
25 about 3 000. In addition, the resonant frequency delicately 
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changed in response to mechanical vibration. 

The reason why the radio frequency filter of this em- 
bodiment succeeded in stabilizing the Q value characteristic 
and increasing the Q value, compared with the Q value of the 
conventional radio frequency filter, is as follows. With the 
existence of the cushion layer 34, the adhesion at the con- 
nection Rcntl between the case body 32 and the lid 33 im- 
proved and also the contact state therebetween was stabilized 
even if size errors occurred in the components of the radio 
frequency filter- This improved the conduction of a radio 
frequency induced current. 

Thus, in the TM 0 i 0 mode resonator of this embodiment hav- 
ing the construction described above, the operation was mark- 
edly stabilized against vibration and the like, compared with 
the conventional resonators - 

EMBODIMENT 4 

FIG. 8 is a cross-sectional view of a radio frequency 
filter 30B using a TM mode resonator of EMBODIMENT 4 of the 
present invention. As shown in FIG. 8, the radio frequency 
filter 30B of this embodiment has basically the same con- 
struction as the radio frequency filter 30A of EMBODIMENT 3 
shown in FIG. 7. 

The feature of the radio frequency filter 30B of this 
embodiment is the input/output coupling mechanism different 



from that in EMBODIMENT 3. That is, in place of the input 
coupling probe 37 and the output coupling probe 3 8 in EMBODI- 
MENT 3, the radio frequency filter 30B of this embodiment in- 
cludes an input coupling probe 47 and an output coupling 
probe 48, which extend in the space defined by the case body 
32 to come into contact with the conductive foil 35. In ad- 
dition, in this embodiment, the shape of the case 31 may not 
necessarily be a cylinder as in EMBODIMENT 3, but may be a 
square pole. In the latter case, the mounting bolts 36 may 
be provided at the four corners . 

The structures and the functions of other components of 
the radio frequency filter 30B of this embodiment are sub- 
stantially the same as those in EMBODIMENT 3. Therefore, 
these components shown in FIG. 8 are denoted by the same ref- 
erence numerals as those in FIG. 7, and the description 
thereof is omitted here. 

In this embodiment, the input coupling probe 47 and the 
output coupling probe 48 are soldered to the corresponding 
portions of the conductive foil 35, so that the coupling 
probes 47 and 48 are conducting with the conductive foil 35. 
In this embodiment, the input coupling probe 47 and the out- 
put coupling probe 48 are made of a silver-plated copper line 
having a diameter of 0.8 mm. The diameter of the silver- 
plated copper line is preferably in the range of about 0.5 mm 
to about 1 mm. 
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In this embodiment, the TMoio mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 0 i 0 mode resonator, resonators in 
a hybrid wave resonant mode, and TE mode resonators. in 
these cases, also, substantially the same effects as those 
obtained in this embodiment can be obtained. 
( Example ) 

In this example, as the dielectric 40, used is a dielec- 
tric ceramic material having a diameter of 9 mm, an axial 
length of 10 mm, a dielectric constant of 42, a dielectric 
loss tangent (tan 6) of 0.00005. As the case body 32, used 
is a bottomed container made of oxygen-free copper in the 
shape of a square pole having an inner side of 25 mm and an 
inner height of 10 mm. As the conductive foil 35, copper 
foil having a thickness of 0.05 mm is used. As the cushion 
sheet 34, used is a flexible Teflon resin sheet (Product 
name: NITOFLON adhesive tapes No. 903 manufactured by Nitto 
Denko Corp.) having a thickness of 0.2 mm. A total of four 
mounting bolts 36 are mounted at the four corners of the 
square pole-shaped case body 32. 

A radio frequency signal was supplied to the radio fre- 
quency filter of this embodiment from an external device via 
the input coaxial connector 41 to excite the TM 0 i 0 mode, and 
the passing characteristics were retrieved via the output co- 
axial connector 42 and measured to obtain an external Q value 



of input/output coupling (external input power/ internal con- 
sumed power). The resonant frequency in the TM 0 i 0 mode using 
a 50 Q line was 2.14 GHz. As an example of measurement of 
the degree of coupling, the input coaxial connector 41 and 
the output coaxial connector 42 were placed at positions 
apart from the center axis of the dielectric 40 by 8 . 5 mm in 
the lateral direction. As a result, a sufficiently small ex- 
ternal Q value, about 60, was obtained. 

The above external Q value corresponds to a degree of 
input /output coupling that is large enough to attain a radio 
frequency filter having a fractional bandwidth of about 1% in 
the case where a 4 -stage radio frequency filter is manufac- 
tured by arranging four dielectrics 40 (resonators) and using 
the input coupling probe 47 and the output coupling probe 48 
in this embodiment. A larger degree of coupling was obtained 
as the input coupling probe 47 and the output coupling probe 
48 are placed closer to the center axis of the dielectric 40. 

The degree of input/output coupling in this example was 
evaluated in comparison with that of an example of EMBODIMENT 
3 shown in FIG. 7 where the protrusion PI of the input and 
output coupling probes from the bottom portion of the case 
body was made as large as possible unless the probes did not 
come into contact with the ceiling of the case body, to ob- 
tain input/output coupling as intense as possible. That is, 
used was the case 31 (the case body 32, the lid 33, the cush- 



ion layer 34, and the conductive foil 35) having the same 
shapes and sizes as those of the example of EMBODIMENT 3, and 
only the input coupling probe 47 and the output coupling 
probe 48 were different from the input coupling probe 37 and 
the output coupling probe 38 in the example of EMBODIMENT 3. 

The external Q value was 7000 in the example of EMBODI- 
MENT 3 where the protrusion PI of the input and output cou- 
pling probes 37 and 38 from the bottom portion of the case 
body 32 was 8 mm. On the contrary, the external Q value was 
as small as about 60 in the radio frequency filter of this 
embodiment provided with the input/output mechanism composed 
of the input coupling probe 47 and the output coupling probe 
48. This indicates that markedly intense input/output cou- 
pling can be obtained by using the input/output coupling 
probes in this embodiment. 

That is, in this embodiment, the following was confirmed. 
Intense input/output coupling can be attained by using the 
input/output coupling mechanism having the input coupling 
probe 47 and the output coupling probe 48 that extend from 
the bottom portion of the case body 31 to come into contact 
with the conductive foil 35, compared with the case of using 
the input/output coupling mechanism having the input coupling 
probe 37 and the output coupling probe 38 that do not reach 
the conductive foil 35 as in EMBODIMENT 3. 

With the input/output coupling mechanism in this embodi- 



ment, therefore, intense coupling with the TM 0 i 0 mode can be 
easily obtained, enabling implementation of a filter using a 
resonator in this mode. 

In this embodiment, the cushion layer 34 and the conduc- 
tive foil 35 may not be provided, and the lid 33 and the case 
body 32 may be in direct contact with each other. in this 
case, also, intense input/output coupling can be obtained as 
long as the input coupling probe 47 and the output coupling 
probe 48 extend to be in contact with the lid 33. 

EMBODIMENT 5 

FIG. 9 is a cross-sectional view of a radio frequency 
filter 30C using a TM mode resonator of EMBODIMENT 5 of the 
present invention. As shown in FIG. 9, the radio frequency 
filter 30C of this embodiment has basically the same con- 
struction as the radio frequency filter 30A of EMBODIMENT 3 
shown in FIG. 7. 

The feature of the radio frequency filter 30C of this 
embodiment is that a conductor rod 44 made of an M2 copper 
bolt has been inserted into the dielectric 40 from the bottom 
surface thereof, in addition to the structure in EMBODIMENT 3. 
The conductor rod 44 is inserted in the following manner. A 
hole 43 having a diameter of 2.4 mm and a depth of 8 mm, for 
example, is formed in advance at the bottom surface of the 
dielectric 40. The conductor rod 44 made of an M2 copper 



bolt, which engages with a threaded hole formed through the 
bottom portion of the case body 32, is inserted into the hole 
43 of the dielectric 40. 

The structures and the functions of the other components 
of the radio frequency filter 30C of this embodiment are sub- 
stantially the same as those in EMBODIMENT 3. Therefore, 
these components shown in FIG. 9 are denoted by the same ref- 
erence numerals as those in FIG- 7, and the description 
thereof is omitted here. 

In this embodiment, as the insertion depth of the con- 
ductor rod 44 into the hole 43 increases, the resonant fre- 
quency in the TM 0 io mode shifts to a lower frequency. 
Hereinafter, the dependency of the characteristics of the ra- 
dio frequency filter 30C of this embodiment on the insertion 
depth will be described. 

FIG. 10 is a characteristic view showing the results of 
measurement of the change in resonant frequency in the TM 0 io 
mode with respect to the insertion depth of the conductor rod. 
FIG. 11 is a characteristic view showing the results of meas- 
urement of the non-load Q value in the TM 010 mode with respect 
to the insertion depth of the conductor rod. As is found 
from FIGS. 11 and 12, when the conductor rod was inserted by 
a depth of 4.5 mm, the resonant frequency decreased by about 
2.5% or more. In this state, the deterioration in the 
unloaded Q value of the resonator, was about 14% or less, 



which was a level practically acceptable. 

In this embodiment, the position at which the conductor 
rod 44 is inserted may be more or less deviated from the cen- 
ter axis of the dielectric 40. However, the conductor rod 44 
is desirably positioned on the center axis, because the elec- 
tric field intensity in the TM 0 io mode is highest on the cen- 
ter axis and thus the frequency can be changed with the 
highest sensitivity when the conductor rod 44 is located on 
the center axis. The depth of the hole 43 formed at the di- 
electric 40 for insertion of the conductor rod 44 is prefera- 
bly in the range of about 6 mm to about 10 mm. 

Thus, with the resonant frequency adjusting mechanism 
according to the present invention, the resonant frequency in 
the TMoio mode can be widely adjusted without significant 
deterioration in unloaded Q value, enabling implementation of 
a filter using a resonator in this mode. 

In this embodiment, the TM 0 io mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 0 "io mode resonator, resonators in 
a hybrid wave resonant mode, and TE mode resonators. In 
these cases, also, substantially the same effects as those 
obtained in this embodiment can be obtained. 

EMBODIMENT 6 

FIG. 12A is a cross-sectional view of a radio frequency 
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filter 130 using TM mode resonators of EMBODIMENT 6 of the 
present invention, and FIG. 12B is a plan view of the radio 
frequency filter 130 from which a lid and the like have been 
removed. The radio frequency filter 130 of this embodiment 
includes four cylindrical dielectrics 101a to lOld to serve 
as a 4-stage band-pass filter. The radio frequency filter 
130 also includes a case 110 that is essentially constructed 
of a case body 111, a lid 112, a cushion layer 113, conduc- 
tive foil 114, and partitions 115a to 115c. The case body 
111 is composed of sidewalls and a bottom portion. The par- 
titions 115a to 115c, which are respectively coupled with 
each other, divide the space defined by the case body 111 
into chambers. Each of the dielectrics 101a to lOld is 
placed in each of the chambers separated by the partitions 
115a to 115c in the case 110. That is, in the respective 
chambers of the case 110, the dielectrics 101a to lOld are 
electromagnetically shielded with the sidewalls and the bot- 
tom portion of the case body 111, the partitions 115a to 
115c, and the conductive foil 114. Thus, the dielectrics 
101a to lOld, the sidewalls and the bottom portion of the 
case body 111, the partitions 115a to 115c, and the conduc- 
tive foil 114 constitute the resonator at four stages. The 
case body 111, the lid 112, the cushion layer 113, and the 
conductive foil 114 are secured to each other by being tight- 
ened with mounting bolts 131 at ten positions corresponding 



to the corners of the chambers. More specifically, by fas- 
tening the mounting bolts 131, the cushion layer 113 is de- 
formed at the portions thereof corresponding to connections 
Rcntl between the sidewalls of the case body 111 and the lid 
112 and between the partitions and the lid 112, to permit the 
sidewalls of the case body 111 and the partitions to come 
into close contact with the conductive foil 114. At the same 
time, the cushion layer 113 is also deformed at the portions 
thereof corresponding to connections Rcnt2 between the con- 
ductive foil 114 and the dielectrics 101a to lOld, to permit 
the dielectrics 101a to lOld to come into close contact with 
the conductive foil 114. As a result, as in EMBODIMENT 3, 
obtained is a filter free from a change in frequency due to 
vibration and stable over time. 

In the manufacture of the radio frequency filter, fine 
adjustment is required for the resonant frequencies of the 
resonators and the degree of inter-stage coupling between ad- 
jacent resonators. For this purpose, in this embodiment, in- 
ter-stage coupling windows 116a to 116c are formed at the 
respective partitions 115a to 115c for securing electromag- 
netic coupling between the resonators. That is, coupling be- 
tween the resonators is attained by estimating the degree of 
inter-stage coupling required for desired filter characteris- 
tics and then forming the coupling windows 116a to 116c hav- 
ing a width with which the estimated degree of inter-stage 



coupling is obtained. In addition, inter-stage coupling de- 
gree adjusting bolts 121a to 121c are provided for the re- 
spective inter-stage coupling windows 116a to 116c in the 
center thereof for adjusting the intensity of the electromag- 
netic coupling between the resonators. 

An input coaxial connector 141 and an output coaxial 
connector 142 are provided for input/output of a radio fre- 
quency signal from/to outside at the bottoms of the two out- 
ermost chambers among the four chambers in the case body 111. 
An input coupling probe 151 and an output coupling probe 152 
are connected to center conductors of the input coaxial con- 
nector 141 and the output coaxial connector 142, respec- 
tively, and extend from the bottom portion of the case body 
111 to come into contact with the conductive foil 114. The 
input coupling probe 151 is provided to couple the input co- 
axial connector 141 with the input-stage dielectric 101a 
electromagnet ically, while the output coupling probe 152 is 
provided to couple the output coaxial connector 142 with the 
output-stage dielectric lOld electromagnetically . 

Conductor rods 122a to 122d made of a copper bolt have 
been inserted into holes 104a to 104d formed at the center of 
the bottoms of the dielectrics 101a to lOld. The conductor 
rods 122a to 122d function as the resonant frequency adjust- 
ing mechanism for the respective resonators . 

Thus, in this embodiment, in which a plurality of reso- 



nators are arranged to constitute a multi-stage radio fre- 
quency filter, it is possible to realize an inter-stage cou- 
pling degree adjusting mechanism that is simple and wide in 
the range within which the degree of coupling is adjustable. 

In this embodiment, the TM 0 io mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 0 i 0 mode resonator, resonators in 
a hybrid wave resonant mode, and TE mode resonators. In 
these cases, also, substantially the same effects as those 
described in this embodiment can be obtained. 

The number of resonators in the radio frequency filter 
of the present invention is not limited to four as in this 
embodiment, but may be any number as long as at least two 
resonators, an input-stage resonator and an output-stage 
resonator, are provided. The plurality of resonators are not 
necessarily arranged in series, but may be arranged in a ma- 
trix having a plurality of resonators in rows and columns as 
is viewed from above. 
(Example) 

In this example, described is an example of design of a 
Chebyshev radio frequency filter having a center frequency of 
2.14 GHz, a fractional bandwidth of 1%, and an in-band ripple 
of 0.05 dB. 

As the dielectrics 101a to lOld, used was a dielectric 
ceramic material having a diameter of 9 mm, a length of 10 mm, 
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a dielectric constant of 42, and a dielectric loss tangent 
(tan 6) of 0.00005. The case body 111 was made of oxygen- 
free copper having a thickness of 4 mm. As the conductive 
foil 114, copper foil having a thickness of 0.05 mm was used. 
5 As the cushion sheet 113, used was a flexible Teflon resin 
sheet having a thickness of 0.2 mm. The resonant frequency 
in the TM 0 i 0 mode of each resonator was determined so that the 
center frequency of the radio frequency filter of 2.14 GHz 
was obtained, and from this design, the inner dimensions of 
10 each resonator were calculated. As for the initial-stage 



rU resonator including the dielectric 101a and the final-stage 

UJ 

-" ! resonator including the dielectric lOld, the inner dimensions 

8 

jjj of the chambers were set at 10 mm high X 21 mm deep X 24 mm 

V long, in consideration of the effect that the resonant fre- 

□ 

15 quency slightly increases due to the existence of the input 
coupling probe 151 or the output coupling probe 152 compared 
with a resonator in a loose coupling state. As for the sec- 
ond-stage resonator including the dielectric 101b and the 
third-stage resonator including the dielectric 101c, the in- 

20 ner dimensions of the chambers were set at 10 mm high X 21 
mm deep X 21 mm long. 

The input coupling probe 151 and the output coupling 
probe 152, made of a silver-plated copper line having a di- 
ameter of 0.8 mm, were placed at positions apart by 8.5 mm 

25 from the center axes of the dielectrics 101a and lOld, re- 
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spectively. The input and output coupling probes 151 and 152 
should be soldered to the conductive foil 114. As the inter- 
stage coupling degree adjusting bolts 121a to 121c, M4 copper 
bolts were used. 

The holes of the dielectrics 101a to lOld were designed 
to have a diameter of 2.4 mm and a depth of 8 mm. As the 
conductor rods 122a to 122d, M2 copper bolts were used. 

The degree of input/output coupling was determined by- 
adjusting the distances of the input and output coupling 
probes 151 and 152 from the center axes of the respective di- 
electrics 101a and lOld. Fine adjustment of the degree of 
coupling was performed by finely adjusting the distance of 
the center portion of the probe from the center axis of the 
dielectric using tweezers. The degree of inter-stage cou- 
pling was determined by adjusting the window width of the in- 
ter-stage coupling windows 116a to 116c using the inter-stage 
coupling degree adjusting bolts 121a to 121c. 

Under the above conditions, the degree of input/output 
coupling of the radio frequency filter was about 100 in terms 
of the external Q value, the coupling coefficient between the 
initial and second stages and between the third and final 
stages was about 0.0084, and the coupling coefficient between 
the second and third stages was about 0.0065. 

FIG. 13 shows the results of simulation of the change in 
coupling coefficient with respect to the window width for the 



inter-stage coupling windows 116a to 116c, performed for de- 
termination of the coupling coefficient. 

FIGS. 14A to 14C are cross-sectional views showing 
variations of the shape of the inter-stage coupling window 
and the position at which the inter-stage coupling degree ad- 
justing bolt is mounted, which can be adopted in this embodi- 
ment. In the structure shown in FIG. 14A, the inter-stage 
coupling window 116 is formed vertically through the center 
of the partition 115, and the inter-stage coupling degree ad- 
justing bolt 121 is mounted at the bottom portion of the case 
body 111 and extends vertically. In the structure shown in 
FIG. 14B, the inter-stage coupling window 116 is formed in 
the center and lower part of the partition 115, and the in- 
ter-stage coupling degree adjusting bolt 121 is mounted at 
the bottom portion of the case body 111. In the structure 
shown in FIG. 14C, the inter-stage coupling window 116 is 
formed vertically through the center of the partition 115, 
and the inter-stage coupling degree adjusting bolt 121 is 
mounted at the sidewall of the case body 111 and extends lat- 
erally. In this embodiment including the example, the struc- 
ture shown in FIG. 14A that provides a large coupling 
coefficient was adopted. 

FIG. 15 is a view showing the results of simulation of 
the change in coupling coefficient with respect to the amount 
of insertion of the inter-stage coupling degree adjusting 



bolt 121 into the inter-stage coupling window 116. The dif- 
ference in the change amount of the degree of coupling per 
unit insertion amount was small between the lateral insertion 
of the inter-stage coupling degree adjusting bolt as shown in 
FIG. 14C and the vertical insertion of the inter-stage cou- 
pling degree adjusting bolt as shown in FIGS. 14A and 14B. 
It was also found that as the diameter of the inter-stage 
coupling degree adjusting bolt 121 was greater, the change 
amount of the degree of coupling per unit insertion amount 
was greater. In this embodiment, the diameter was set at 4 
mm, the same size as the thickness of the partition 115. The 
inter-stage coupling degree adjusting bolt 121 having this 
diameter can provide a largest change amount of the degree of 
coupling under the condition that the Q value of the resona- 
tor is not adversely affected - 

FIG. 16 is a characteristic view of the radio frequency 
filter including four resonators designed based on the above 
design. As is found from FIG. 16, obtained is a radio fre- 
quency filter having good characteristics such as a frac- 
tional bandwidth in a passing region of 1%, an insertion loss 
of 0.9 dB, and a return loss of 20 dB or more, permitting use 
for cellular phone base stations, for example. 

EMBODIMENT 7 

In EMBODIMENTS 3 through 6, the dielectric and the con- 



ductive foil were in direct contact with each other. Alter- 
natively, a conductor layer may additionally be formed be- 
tween the dielectric and the conductive foil. FIG. 17 is a 
cross-sectional view of a radio frequency filter 30D using a 
TM mode resonator of EMBODIMENT 7 of the present invention. 
As shown in FIG. 17, the radio frequency filter 30D has basi- 
cally the same construction as that of the radio frequency 
filter 30A of EMBODIMENT 3 shown in FIG. 7. The feature of 
the radio frequency filter 30D of this embodiment is that 
metallized layers 51a and 51b are formed on the top and bot- 
tom surfaces of the dielectric 40, respectively. The metal- 
lized layer 51a and the conductive foil 35 are electrically 
and mechanically connected with each other with solder 52a, 
while the metallized layer 51b and the bottom portion of 
the case body 32 are electrically and mechanically connected 
with each other with solder 52b. 

The structures and the functions of the other components 
of the radio frequency filter 30D of this embodiment are sub- 
stantially the same as those in EMBODIMENT 3. Therefore, 
these components shown in FIG. 17 are denoted by the same 
reference numerals as those in FIG. 7, and the description 
thereof is omitted here. 

Thus, in this embodiment, it is possible to reliably 
avoid the possibility of generation of a gap between the di- 
electric 40 and the conductive foil 35 due to vibration and 
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the like. 

In this embodiment, the TM 0 io mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 0 io mode resonator and resonators 
in a hybrid wave resonant mode. In these cases, also, sub- 
stantially the same effects as those obtained in this embodi- 
ment can be obtained . 
(Example) 

As the metallized layers 51a and 51b, (1) Ag metallized 
layers having a typical thickness of 5 to 3 0 jmm formed by 
dipping in Ag paste and heating, (2) Ag plated layers having 
the same thickness, or (3) Ag evaporated layers having a 
typical thickness of 1 to 5 /zm were used. Cream solder good 
in workability and adhesion was used for the soldering. The 
other components were the same as those in the example of EM- 
BODIMENT 3 . 

The resultant resonator in this example decreased in 
unloaded Q value by about 15% to about 20% compared with the 
case of direct contact between the conductive foil 35 and the 
dielectric 40 as in EMBODIMENT 3, but exhibited reduction in 
deterioration of the characteristics with the temperature 
change, and in particular, was excellent in stability. 

EMBODIMENT 8 

In EMBODIMENTS 4 and 6, the input coupling probe and the 
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output coupling probe were connected to the conductive foil. 
According to the present invention, the input and output cou- 
pling probes are not necessarily connected to the conductive 
foil. 

FIG. 18 is a cross-sectional view of a radio frequency 
filter 30E using a TM mode resonator of EMBODIMENT 8 of the 
present invention. The radio frequency filter 30E has basi- 
cally the same construction as the radio frequency filter 30C 
Of EMBODIMENT 5 shown in FIG. 9. 

The feature of the radio frequency filter 30E of this 
embodiment is that an input coupling probe 5 3 and an output 
coupling probe 54 extend vertically from the bottom portion 
of the case body 32 and then curve midway to be in contact 
with the sidewall of the case body 32. 

The structures and the functions of the other components 
of the radio frequency filter 30E of this embodiment are sub- 
stantially the same as those in EMBODIMENT 5. Therefore, 
these components shown in FIG. 18 are denoted by the same 
reference numerals as those in FIG. 9, and the description 
thereof is omitted here. 

The structure of the input coupling probe 53 and the 
output coupling probe 54 of this embodiment is suitable for 
the case that the height h of the inner wall of the case body 
32 is large and . a comparatively large length of the probe can 
be secured even when the probe is curved midway. Thus, in 
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this embodiment, where the input coupling probe 53 and the 
output coupling probe 54 are made in conduction with the 
sidewall of the case body 32, it was possible to obtain in- 
put/output coupling sufficiently large to secure a certain 
degree of fractional bandwidth. 

In this embodiment, the TM 0 io mode resonator was de- 
scribed. The present invention is also applicable to TM mode 
resonators other than the TM 010 mode resonator, resonators in 
a hybrid wave resonant mode, and TE mode resonators. In 
these cases, also, substantially the same effects as those 
described in this embodiment can be obtained. 

(Modifications to EMBODIMENTS 3 to 8 ) 

The cushion layer may be made of a material other than 
that described in EMBODIMENTS 3 through 8. For example, sub- 
stantially the same effects can be obtained by using: elastic 
polymer compounds such as silicone rubber and natural rubber; 
polymer compounds having plastic deformation such as polyeth- 
ylene, polytetraf luoroethylene, and polyvinylidene chloride; 
and soft metals such as indium and solder. In either case, 
the thickness of the cushion layer is preferably in the range 
of 0.05 mm to 0.3 mm. 

The number of resonators in the radio frequency filter 
of the present invention is not limited to four as in EMBODI- 
MENT 6, but may be any number as long as at least two resona- 



tors, an input-stage resonator and an output-stage resonator, 
are provided. The plurality of resonators are not necessar- 
ily arranged in series, but may be arranged in a matrix hav- 
ing a plurality of resonators in rows and columns as is 
5 viewed from above. 

While the present invention has been described in a pre- 
ferred embodiment, it will be apparent to those skilled in 
the art that the disclosed invention may be modified in nu- 
merous ways and may assume many embodiments other than that 
£q 10 specifically set out and described above. Accordingly, it is 
intended by the appended claims to cover all modifications of 
the invention that fall within the true spirit and scope of 
™ the invention - 
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